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Did Dopants Get Incorporated? 
•   ZnSiP2 has an ideal band gap of 1.7 eV 
for making a tandem cell with 
crystalline Si 
•  Lattice matched to Si 
•  Zn, Si and P are earth  
    abundant and inexpensive 
•  Very stable material 
•  Intrinsic material as synthesized 
 (~1016 e-/cm3) •  Zn flux used as solvent to keep the P from 
pressurizing during heating 
•  Dopants directly added into flux when synthesizing 
•  Crystals removed from Zn flux by inversion of 
ampules at 450 °C. Remaining Zn was dissolved by 
using a 1:6 ratio HCl:H2O on hot plate set to 60°C  
•  Excess Si on crystal removed by dilute HF rinse. 
Doping ZnSiP2 for PV Application 
Self Flux Growth Synthesis Conditions Single Crystal Characterization 
Thanks to Dr. Eric Toberer and his group for their assistance 
throughout experimentation. Thanks to Dr. Chuck Stone for the 
opportunity to research with CSM REMRSEC. Thanks to NSF for 
award DMR-1461275, which provided full funding for this research. 
•  Optical microscopy of crystals shows prismatic habit 
for undoped, Ga doped, and Cu doped crystals 






















































































































•  Cooling rate of 5°C/h resulted in poly-crystalline 
material  
•  Cooling rate of 2°C/h resulted in single crystals 
•  Flux growth technique is promising for dopant 
incorporation since crystals synthesized appear 
different from the undoped samples indicating that 
they may be doped 
•  Tuning growth conditions to obtain large crystals will 
be required to evaluate dopant incorporation by 
techniques such as PL spectroscopy and conductivity 
measurements 
ZnSiP2 is an Emerging PV Absorber 
•  Ability to  synthesize both n-type and p-type dope  
ZnSiP2 is n ce sary for ptimal performance of the 
solar cell 





c-Si (Eg=1.1 eV) 
High band gap (Eg~ 1.7 eV) 
(e.g. III-V, ZnSiP2, Si 
Clathrate) 
•  4 dopants were selected for t sting: Cu as p-typ  and  
      Se, S, Ga as n-type dopants. 
Advantages of Flux Growth Technique 
 Post Flux Growth Ingots 
•  L rge single cry tals can be grown 
free from mechanical or thermal 
st ain due to v y slow cooling rates 
•  ZnSiP2 synthesis demonstrated 
•  Growth ca  be p rformed at temperatures well 
below the melting point of the solute 
•  There is a variation is size and appearance of the 

































Hold 30 h 
Cool at 2°C/h 
Cool at 
5°C/h 
Cool at 
5°C/h 
Cool at 
10°C/h 
http://arxiv.org/abs/1506.05371 
ZnSiP2 
ZnSiSe0.04P1.96 ZnSiS0.04P1.96 
Zn0.98Cu0.02SiP2 Zn0.98Ga0.02SiP2 
